The minimum amount of cyanocohalamin for production of one $ of cell was estimated for 7 clones of marine centric diatoms isolated from cstuarinc, neritic, and oceanic environments. The number of molcculcs of B12 per $ varied from 5 to 18.4; thus the diatoms have about the same requirement as do other organisms. The neritic species Skeletonema
INTRODUCTION

MATERIALS AND METHODS
Marine planktonic algae often require thiamine, biotin, or vitamin B12 for growth; the Bj2 requirement is the one most frequently encountered ( Provasoli 1958) . Droop ( 1957, 196la ) , in considering the influence of B12 in natural waters upon the size of the phytoplankton crop, assumed that the production of each cubic micron of algal cell required about 3 molecules of Bl2. This number is based upon studies of only a few species of algae, principally the flagellates Monochrysis lutheri and Euglenn gracilis and the green alga Stichococcus sp. These algae are from habitats in which a high B12 concentration is to be expected. We have extended these observations to include 7 strains of Blz-requiring centric diatoms isolated into bacteria-free culture from the plankton of quite different environments,
The names of the algae studied and the places from which they were isolated are shown in Table 1 . The general methods of culture and the media used are described by Guillard and Ryther ( 1962) . These authors showed that the two clones of CycZoteZLL nnna had an absolute requirement for B12 (cyanocobalamin ) and needed no other vitamin; in preliminary studies by the same methods WC have shown that the other organisms listed in Table 1 behaved  similarly. Details of a bioassay using clone 3H of C. nana are given by Ryther and Guillard ( 1962) . Attention is directed to the preparation of B1a-free sea water by adsorption of the vitamin onto washed activated charcoal. In the present study the diatoms were depleted of B12 by one or two transfers into medium without added vitamins before being used as inocula for experiments. The initial cell densities in the assay flasks varied from 150 cells/ml (T. fluuintilis) to 1,850 cells/ml ( clone 13-1 of C. nma). Each organism was inoculated into a series of flasks containing zero, 0.55, 1.1, 1.65, and 2.2 ppg/rnl of added B12. The experiment was done in duplicate for clones 3H and 161 13-1 of C. nnna. The inoculum of all clones died in medium without added Blz. Methods of counting cells and measuring optical density are given by Ryther and Guillard ( 1962) . In the present experiments the cultures were counted on at least 3 consecutive days beginning when growth was judged close to maximal ( 3-14 days). Optical densities were measured at the time of the last cell count.
At the end of the growth period, 10 cells were taken at random from each flask (except in the case of clone BBsm) and measured with an ocular micrometer for computation of cell volumes, assuming the cells to have the shape of right circular cylinders. The total volume of cell material per ml of culture is the average cell volume for the particular culture multiplied by the maximum cell density observed. The regression of volume of cell material per ml on B12 concentration was fitted by least squares, passing through the origin. The regression coefficient (Table 2, Clone BBsm ( Chaetoceros sp.) was treated differently; in effect, the regression was for cell number/ml on B12 concentration rather than for total cell volume/ml on B12 concentration.
This was done because we could not compare cell volumes sufficiently accurately. Cells of this clone were seen in girdle view in microscope examination. The valves are roughly elliptical in cross section, and the short axis could not Figure 1A and mcasurcmcnts of cell volumes. -Calculated rcgrcssion lint, passing through origin.
be measured accurately in girdle view. We therefore measured the average visible dimcnsions (length of cell and long valve axis) and assumed that the ratio of the long to the short axes of the valves was constant; this ratio we estimated from electron micrographs of valves. The average volume of 10 cells randomly taken from a mixed sample from all flasks was thus computed assuming the cells to be right elliptical cylinders. The maximum cell density for each culture multiplied by this average cell size was taken as the volume of cell material produced. The computations otherwise are the same as for the other species.
RESULTS
AND DISCUSSION
Examples of results are given in Figures  1 and 2 , reference should also be made to the dose-response curve for clone 3H of C. nana, given by Ryther and Guillard ( 1962, Fig. 4 ). Straight lines are close or moderately good fits to the data for all clones but 13-3 ( Fig. 2) . Clone 13-3 was difficult to work with; until additional information becomes available we assume the response of the organism to be linear.
The data are summarized in Table 2 . The number of molecules of B12 required to produce one $ of cell ( third column) varied only from 5 to 18 in the different species irrespective of habitat or size, with an average of 10.1. For a number of reasons we feel that these values should not be considered significantly different from the value of 3 molecules/p3 that Droop ( 1957) computed for M. lutheri by using a yield of 8 X lo5 cells/ml and a mean volume of 200 p3/cell.
The number of cells produced depends to some extent upon unknown experimental factors; a possible example is the ratio of Bj2 uptake by the cells to its inactivation by light. Droop (1961b) This has not yet been systematically studied. It is clear that results can be biased by experimental factors that may be imperfectly controlled. Droop's yields of M. Zutheri ( 1961a) varied from 5 to 10 x lV/ppg BL2; yields of clone 3H of C. nnruz varied in previous studies from 5.5 to 7.9 x lo') cells/ppg B12 (Ryther and Guillard 1962) , and in the present cxperiment averaged only 4.8 x lo') cells/ppg RI2 (Table 2 , column 3). Thus, on either a cell number or total cell volume basis, the ranges of yields overlap.
Errors in the measurement of cell volumes are significant; we estimate a maximum error of CCL 20% in the case of cells having regular shape, such as C. ~UMUZ. The error is probably larger for irregularly shaped cells. We noticed that in spite of such errors the lines obtained by plotting cell volumes against added B12 were better than the lines showing cell number against added B12 for all the diatoms studied. (Optical densities gave the best linear relationship but cannot be converted to cell volume.)
For clone 13-3, which forms irregular chains in culture, only optical density measurements gave a reasonably linear relationship, probably because the measurements of both cell densities and volumes were inaccurate.
WC further observed that most cells in the assay cultures, presumably vitamindepleted by the end of the experiment, were slightly larger in volume than cells in rapidly growing cultures. (This was true for all clones except 13-1, of which the cells reached an unusually small size. ) The cells were no larger in diameter but were elongated, suggesting that they were ready to divide at the time growth stopped for lack of B12. Unknown factors may determine whether or not the last division takes place, and thus may influence the yield if it is computed as cell number.
Our results show no obvious correlation between cell size in the different species and the estimate of BL2 required per p3 of cell. A positive correlation might be expected if the rate of diffusion of B1:! into the cells were a significant factor under our experimental conditions. The protoplast is only a portion of the total volume of a diatom cell, the remainder being one or more vacuoles. On the reasonable assumption that the vacuolar sap does not contain B12 or other scarce nutrients, the inclusion of the vacuole in the total cell volume would result in a value of BI2/$ that is too small. The vacuole is probably of negligible size in small species and in flagellates such as M. Zutheri; however, flagellates may accumulate products of photosynthesis in considerable volume. We could not estimate vacuolar volumes for any of the diatoms we studied and hence are unable to evaluate these factors.
The last column in Table 2 indicates that the content of protoplasm per @ of total cell volume was roughly the same for all the diatoms. The data were calculated using the maximum yields of cells obtained with limiting quantities of nitrate as nitrogen source, and the average total cell volume determined in the present study.
In effect, our experiments determined the maximum volume of cell material produced by a molecule of B12. For the diatoms studied this varied from about l//l8 ,u3 to IAi p3; for the organisms mentioned previously the value is about 55 $. In all cases the accuracy is uncertain, but it is safe to say that the difference between these organisms, some of which are distantly related phylogenetically, and which come from different habitats, does not exceed a factor of 10. Two interesting points have begull to emerge concerning B12 requirements. First, the only centric diatoms known so far that do not need B, 2 ( Guillard 1962) are clones of Melosira nummuloides and Deton.ula confervacea, both estuarine forms that live where B12 is relatively abundant. Second, when a B12 requirement exists, it seems for most organisms to bc absolute--Biz is not simply stimulatory.
The possible exception among the diatoms is a clone of Rhixoso-benin setigeru (Guillard 1962 ) that may bc centration or by some other factor associable to adapt to the absence of Blz. This atcd with continuous culture under uniform requires further study, because the species conditions. is large, relatively slow growing, and ocClone BBsm (Chaetoceros sp.) did not casionally goes through periods of spore form resting spores as the cultures became production that intcrferc with the interprcvitamin-deficient, though this diatom has tation of growth experiments.
done so in culture when other nutrients bcThe total supply of Blz available to a phytoplankton population during the course came limiting.
Possibly a minimum B12 of its increase sets an upper limit to the level is required for spore formation. These observations are consistent with the idea biomass produced if the species require Blz. This limit should be independent of the that certain estuarine species are not excluded from the open sea by specialized species composition of the phytoplankton, nutrient requirements but rather because according to our discussion thus far. However, the species composition may be influtheir life cycles are not adjusted to the cycle enced by the B1:! concentration, rather than of nutrient supply and depletion in deep waters. by the total supply, in one of two ways. The first is by differential influence on the We thank Mr R. M. Cassie for many valugrowth rates of diffcrcnt species. This quesable suggestions. We are grateful to Mr E. Manguin of the Museum National d'Histoire tion has been considered by Droop ( 1961a) , who could demonstrate no influence of Bla is small and must be confined to levels be-
